Phagocytosis is a fundamental mechanism for engulfment of pathogens, dead and dying host cells and other particulate material. Surprisingly, the involvement of the endoplasmic reticulum in macrophage-mediated phagocytosis has only just been discovered. Earlier studies provide valuable but apparently incomplete information on the membrane dynamics of phagocytosis. Fusion of newly formed phagosomes with pre-existing elements of the endosome/lysosome system allows recycling of membrane to the cell surface, the acquisition of hydrolytic enzymes and the capacity to acidify as these organelles mature to become degradative phagolysosomes [2-4]. Recent work demonstrating focused exocytosis of membrane at the site of phagosome formation also offers a partial solution to the 'membrane economy' problem associated with phagocytosis [5] . Recently, the changes that take place during phagosome maturation have been catalogued by proteomic analysis of highly purified phagosomes isolated at different stages of their life history. The emerging picture is of a highly dynamic organelle whose composition changes with age.
It was the Russian embryologist Elie Metchnikoff who first observed the phenomenon of phagocytosis. His initial observations, made in 1882 on starfish larvae and water fleas, led him to perform a series of pioneering studies in cellular immunology on the battle between higher animals and invading pathogenic microorganisms. Today most biology textbooks contain images of phagocytic cells engulfing what often seem to be impossibly large and/or impossibly numerous foreign particles such as microorganisms, red blood cells or synthetic beads. How can the cell afford to lose the large amounts of surface membrane needed to package all this material? Fresh insight into this process has come from a paper recently published in Cell. Gagnon et al. [1] show that when macrophages phagocytose various objects most of the enveloping membrane derives not from the plasma membrane but remarkably from the endoplasmic reticulum (ER).
Earlier studies provide valuable but apparently incomplete information on the membrane dynamics of phagocytosis. Fusion of newly formed phagosomes with pre-existing elements of the endosome/lysosome system allows recycling of membrane to the cell surface, the acquisition of hydrolytic enzymes and the capacity to acidify as these organelles mature to become degradative phagolysosomes [2] [3] [4] . Recent work demonstrating focused exocytosis of membrane at the site of phagosome formation also offers a partial solution to the 'membrane economy' problem associated with phagocytosis [5] . Recently, the changes that take place during phagosome maturation have been catalogued by proteomic analysis of highly purified phagosomes isolated at different stages of their life history. The emerging picture is of a highly dynamic organelle whose composition changes with age.
The most recent and comprehensive proteomic analysis of purified phagosomes revealed some rather unexpected constituents. In a study published last year, Garin and colleagues [6] demonstrated that isolated phagosomes loaded with latex beads contained several proteins normally found in the ER. Several controls suggested that contaminating ER per se was not likely to be the source of these proteins. Instead, it was suggested that phagosomes had fused with elements of the ER, providing another mechanism for the cell to control its membrane economy. Thus plasma membrane spent ingesting large phagocytic meals could be paid back following replacement with endoplasmic reticulum, an abundant reservoir of membrane but not one known previously to communicate directly with organelles on the endocytic/phagocytic pathway.
In a follow up to this work, Gagnon et al. This strikingly different view of phagocytosis in macrophages will stimulate a reassessment of many aspects of the cell biology of both the ER and phagosomes. For example, several pathogenic microorganisms find a safe niche within phagocytic vacuoles and are able to control phagosome maturation to their advantage (reviewed in [8] ). These new data can explain how pathogens such as Brucella survive in an essentially ER-like vacuole [8] . Presumably Brucella is able to impose an embargo on communication with other organelles, while other pathogens may allow limited interaction with endosomes but not enough to endanger their survival. The results of Gagnon et al. [1] may also explain the appearance of ER proteins such as calreticulin on the cell surface where it apparently works in conjunction with CD91 to bind and internalise apoptotic cells [9] . However, in this case the mechanism of uptake appears to involve a variant form of phagocytosis whereby the particle stimulates membrane ruffling and the formation of a vacuole considerably larger than necessary to accommodate the particle. It will be interesting to confirm whether this 'spacious phagocytosis', which is more akin to macropinocytosis [10] , also involves recruitment of ER membrane.
Gagnon et al. [11] ). Does ER-mediated phagocytosis help us to understand the mechanisms behind this unconventional but important mode of class I MHC loading? It is worth remembering that proteasome and TAP function is required for the processing of some T-cell epitopes generated from exogenous antigens but not others [11] .
Although ER-mediated phagocytosis would bring the 'antigen' into direct proximity with nascent class I MHC molecules, it is not clear how the acidic proteolytic environment needed for peptide generation can co-exist with the complex multi-chaperoned environment required for folding nascent class I MHC molecules. Indeed, Gagnon et al. [1] show that most ER proteins are degraded within 30 minutes of phagosome formation. A further problem is that many T-cell epitopes from exogenous antigens appear to require proteasomal, i.e. cytosolic, processing before they can be loaded onto class I MHC molecules.
Simply wrapping up a phagocytosed antigen in ER instead of plasma membrane does not seem to fully resolve the problem of how exogenous antigens are processed and loaded onto class I MHC molecules but a closer look at the data from Gagnon et al. [1] suggests other possibilities. Although the initial input of ER proteins appeared to be rapidly degraded, ER markers were re-acquired by phagosomes later on suggesting that repeated contacts with the ER are made during phagosome maturation [1] . In that case peptides generated in phagosomes may be able to access the ER proper and, perhaps following trimming [ 
